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Abstract 
This paper deals with a basic study in shear force transmission about the joints of normal strength concrete by using small specimens with 
shear reinforcement. Thereby different combinations of concrete types (SCC and VC) and shear reinforcements were investigated. 
Additionally different ratios of normal and shear stresses in the joint between two different types of concrete were analyzed. Regarding 
the shear reinforcement selected angles (between the joint and reinforcement) as well as two different bar diameters (5 and 9 mm) were 
considered. The cubic compressive strength of the concrete used is ranged between 38 and 44 MPa. Altogether about 100 specimens were 
investigated. The mixture design of using SCC is based on a combination type. The major outcome of this study is that SCC has a higher 
adhesion resistance compared to vibrated concrete. This resulted in a better load bearing capacity. Shear-friction will be mainly influenced 
by the inclination of the shear reinforcement. This study confirm that the inclination of shear reinforcement in direction to the applied 
force improve the residual resistance after the slip. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Vilnius Gediminas Technical University. 
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1. Introduction 
In Germany reinforced concrete ceilings are mainly produced as precast slabs in conjunction with an in-situ concrete 
topping, see Fig. 1. 
The application of Self-Consolidating Concrete (SCC) can increase the efficiency and quality of pre-fabricated slabs. A 
higher concrete quality resulted in filigree structures as well as lower concrete cover. Especially in areas with high 
reinforcement ratios or mounting parts SCC as new concrete overlay can ensure a higher workability at the construction 
side. However, the force transfer in the joint between old and new concrete have to be investigated particularly using SCC. 
Because of the plane surface of SCC it is generally supposed that the bond behavior of SCC is worse compared to vibrated 
concrete (VC). The transmission of the force in the joint between semi-precast slab and in-situ concrete supplement depends 
on the roughness and the surface quality of the joint as well as the reinforcement crossing the joint.  
This study should create the basis for introducing the SCC in the semi-precast construction method in Germany, which 
could improve the quality and durability of the construction as well as the economy of the precast industry.  
2. Experimental work 
The test program was divided into separate parts in which each one was studied in detail: influences of different 
combinations of concrete types (SCC with SCC, VC with SCC and SCC with VC), two different bar diameters of shear 
reinforcements (5 and 9 mm) as well as selected angles (between the joint and reinforcement) of shear reinforcement. The 
experimental investigations were carried out according to the work of DASCHNER [1]. Cylindrical cross sections were 
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considered instead of rectangular ones. The specimens are composed of two types of concrete. The first part demonstrates a 
precast element and the second an in-situ concrete topping. 
Fig. 1. Construction of a precast concrete slap with in-situ concrete topping 
3. Materials and mix proportions 
The following materials were used for the production of the SCC: 
• Cement CEM I 42.5R in conformity with DIN EN 197-1 [3] 
• Fly ash (FA) 
• Lime stone powder (LSP) 
• Superplasticizer based on polycarboxylic ether (PCE) 
• Stabilizer (ST) 
• 0/2 mm sand, 2/8 mm and 8/16 mm gravel 
 
The following materials were used for the production of the VC: 
Cement CEM II/A-LL 32.5R in conformity with DIN EN 197-1 [3] 
• Fly ash (FA) 
• Superplasticizer (NM) based on naphthalene and melamine resin 
• 0/2 mm sand, 2/8 mm and 8/16 mm gravel as well as 5/8 mm and 11/16 mm crushed gravel 
                                                                Table 1 shows the different concrete compositions of SCC and VC mixtures.  
                                                                Table 1. Concrete compositions 
Components SCC VC Unit 
Cement c 270.0 330.0 
kg/m³ 
Water w 229.5 181.5 
w/c ratio 0.85 0.55 — 
Additives 
FA 162.0 60.0 
kg/m³ 
LSP 81.0 — 
w/(c+FA) ratio 0.53 0.47 — 
Admixtures 
PCE 1.8 — 
wt.-% NM — 1.1 
ST 1.0 — 
Aggregates 
0/2 36.0 39.0 
vol.-% 
2/8 28.1 18.0 
8/16 35.9 12.0 
5/8 gravel — 18.5 
11/16 gravel — 12.5 
 
For the mixture design of SCC (viscosity-agent type) a normal-slump traditional concrete was used as template. A 
slightly higher proportion of fly ash was used as well as the addition of a stabilizer was required to maintain its stability.  
The concrete composition VC represents a normal vibrated concrete with a low addition of fly ash. 
4. Fresh properties tests 
Various workability tests, as mentioned, were carried out for SCC and VC mixtures according to the German Association 
of Structural Concrete (DAfStb) guideline and DIN EN 12350-5 [2]. The tests were carried out in the lapse of 10 minutes 
after emptying the concrete mixer. 
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The slump flow test consists of the determination of the mean diameter of the horizontal concrete spread on a base plate 
after lifting the slump cone without any compaction. In this test the flowability of the SCC mixtures were investigated. The 
required minimum slump flow for the investigations was 70 cm. During the slump flow test the viscosity of mixtures was 
estimated by measuring the time which is taken to reach a spread diameter of 50 cm from the moment the slump cone is 
lifted up. There was no restriction offered to the freely flowing SCC mixtures. 
During the V-Funnel test the filling ability and viscosity of the mixtures were evaluated by measuring the time which 
concrete required to flow through the V-Funnel.  
Another method for determining the stability of SCC on the fresh concrete is the wash test according to the German 
guideline. The SCC mixtures were filled into a 450 mm high cylinder with a diameter of 150 mm that has slots to take 
separating parts of the cylinder sample which is divided to three equal sections. The resulting three batches of SCC were 
washed separately over an 8 mm sieve (for 16 mm maximum aggregate size) and the sieve residues were weighed after 
drying. The difference between the percentages of coarse particles in the individual segments from the percentage of coarse 
particles in the overall sample was calculated. A SCC counts as stable to sedimentation if the difference of the measured 
masses of the 8/16 aggregate fractions of the three individual batches from the target mass was not more than 15 wt.–% [4]. 
The determined fresh properties for the VC mixtures based on the results of slump test. 
5. Shear-friction tests 
Generally different kinds of test methods for the investigation of shear-friction between two concrete layers can be used 
([5] Silfwerbrand et al. 2011, p. 68). Pushoff specimens as shown in Fig. 2 were used in this study. A general explanation of 
geometry and inclination of joint as well as angle of shear reinforcement is also represented.  
 
 
Fig. 2. Overview of the used specimen; first row: 45° inclined joint, second row: 60° inclined joint 
Fig. 3 shows the test setup. The applied load is concentric, which is subjected to shear and normal stresses in the joint. 
The shear is resisted by the concrete along the test interface and the steel bars (acting as shear-friction reinforcement) 
crossing the interface. For these tests, the concrete on lower side placed and allowed to cure for 7 days prior to the 
placement of the upper side of the interface. Before placing the second part, the interface was cleaned.  
The interface between both concrete parts of the specimens has an angle of 45° or 60° during the test. The interface steel 
reinforcement, therefore, represents the interface shear reinforcement. The parameters measured during the experiments 
were the magnitude of the shear load and displacement parallel to the shear interface. 
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Fig. 3. Test setup in this study (inclination of joint 45°) 
Table 2. Fresh concrete properties 
Series 
Place- 
ment 
Type 
Slump 
Slump 
flow 
Air void 
content 
Concrete 
temp. 
tVF t500 
Wash test 
Top Center Bottom 
cm cm vol.-% °C s s wt.-% wt.-% wt.-% 
A5 
1 SCC — 72 2.1 20.6 11.5 3.0 -7.3 -7.1 14.4 
2 SCC — 70 1.9 20.0 11.1 2.5 — — — 
A9 
1 SCC — 62 3.0 20.6 14.8 6.7 — — — 
2 SCC — 71 2.1 23.7 11.6 2.6 — — — 
B5 
1 VC 43 — 2.6 22.0 — — — — — 
2 SCC — 70 2.2 22.0 12.2 3.9 -8.2 -4.1 12.4 
B9 
1 VC 57 — 2.4 21.4 — — — — — 
2 SCC — 74 1.7 24.6 10.2 2.4 — — — 
B5R 
B9R 
1 VC 40 — 3.0 23.0 — — — — — 
2 SCC — 70 2.1 22.9 12.4 3.2 — — — 
C5 
1 SCC — 68 2.3 22.6 12.6 4.0 -6.1 -3.0 9.1 
2 VC 63 — 1.5 22.0 — — — — — 
C9 
1 SCC — 70 2.2 23.4 13.4 3.7 — — — 
2 VC 45 — 2.6 22.3 — — — — — 
6. Experimental results 
6.1. Properties of fresh concrete 
Table 2 presents the workability test results of investigated VC and SCC mixtures.  
LVDT 1, 2  – Determination of the displacement of machine 
LVDT 3, 4  – Determination of the displacement of joint 
 
F  – Load 
N  – Axial force in joint 
T  – Tangential force in joint 
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On average for the SCC mixtures a similar slump flow was observed. The maximum difference is ∆ = 12 cm. Regarding 
the VC compositions the maximum differences of the slump tests are clearly higher – ∆ = 23 cm – compared to the SCC 
mixtures. This resulted from difficulty to detect the accurate moisture of the crushed gravels.  
 
Fig. 4. Workability window of SCC as a function of slump flow and V-funnel time 
With the workability window (Fig. 4) it is possible to describe a range in which there is adequate flowability with low 
segregation. The influence of water fluctuation on the SCC workability can be also determined. 
6.2. Properties of hardened concrete 
                                                   Table 3 shows different hardened concrete properties (average compressive strength, 
splitting tensile strength and modulus of elasticity) of the investigated concrete compositions.  
The hardened concrete properties were only determined for the illustrated series representing all other series with the 
same concrete type. The compressive and splitting tensile strength of SCC and VC are approximately the same. Otherwise 
the modulus of elasticity is significantly higher for the VC mixtures compared to SCC ones, because of using crushed 
gravels in the VC mixtures. 
6.3. Shear capacity of specimen with shear reinforcement 
In general three different kinds of modes of failure were determined during the experimental tests. These can be 
described as compressive failure (C), joint failure (J) as well as a combination of both variants (CJ). The modes of failure 
are dependent on inclination of joint and roughness of the concrete surface. The investigated shear stresses are: 
• Maximum shear stress at joint failure τmax, 
• Maximum shear stress after slip τas. 
                                                   Table 3. Hardened concrete properties of VC and SCC mixtures 
Series 
Compressive strength 
Compressive 
strength class 
Splitting tensile 
strength 
Modulus of 
elasticity 
fcm,cube s ftm s Ecm 
MPa MPa MPa MPa MPa 
VC B5-1 39.8 4.22 C25/30 3.30 0.46 32446 
VC 
B5/9R 
38.3 2.44 C25/30 2.93 0.34 28378 
SCC A9-
2 
43.6 1.99 C30/37 3.25 0.27 27590 
SCC 
B5/9R 
39.8 2.61 C25/30 3.42 0.17 25379 
R² = 0,7982
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For the determination of these values the following equations are used. 
 max
max
sin cos
F
A
τ = ⋅ θ ⋅ θ  (1) 
 as
as
sin cos
F
A
τ = ⋅ θ ⋅ θ  (2) 
with 
τmax maximum shear stress at joint failure 
τas ailure 
Fmax maximum load at joint failure 
Fas maximum load after slip 
θ inclination of joint 
A = πr
2 = π · 752 cross section area of the cylinder 
7. Results and discussion 
Fig. 5 gives an overview of modes of failures. The number of joint failures increase with the inclination of the joint. The 
combination SCC-SCC presents the highest number of compressive failures, while VC-SCC has the most joint failures 
(independent from the inclination of joint). 
The shear stress at joint failure depends on the surface roughness and the adhesion strength of the interface between two 
concrete layers. This parameter is independent of the angle of shear reinforcement. 
 
Compressive failure (C) Joint failure (J) Combination of C+J (CJ) 
Fig. 5. Overview of the detected modes of failure 
8. Influence of concrete combination and inclination of joint on shear stress at joint failure 
The highest shear stresses were generally obtained with the concrete combination SCC-SCC. This could be explained 
with the greater compressive strength of the SCC, as well as the highest number of compressive failures. 
Additionally the authors assume that the high amount of powder content of the SCC affects a better bearing behavior of 
the interface between the concrete members. 
The repeated mixtures (VC-SCC R) were characterized by a clearly higher roughness of the interface surface, resulted 
from the lowest slump value of the VC. According to this the shear stresses were always higher compared to the other 
mixtures (VC-SCC). Generally the specimens with an inclination of joint of 45° have a bigger shear resistance than the ones 
with 60°, caused by the ratio of normal and shear stress, see Fig. 6. 
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9. Influence of concrete combination and adhesion, regarding the selected angles of shear reinforcement 
Fig. 7 shows the influence of concrete combination and adhesion, regarding the selected angles of shear reinforcement. 
As shown in the diagrams the differences between the used angles of shear reinforcement are relatively low regarding one 
concrete combination (2–75%). This resulted from a similar adhesion force.  
The combination VC-SCC has the lowest shear stresses in this comparison. This fact can be explained by the general 
vibration of the VC (representing the precast element in this case), resulted in a reduced adhesion ability (caused by a higher 
w/c ratio) of the interface. 
  
5 mm 9 mm 
Fig. 6. Overview of influence of concrete combination and inclination of joint on shear stress at joint failure for bar diameter of  
5 mm (top) and 9 mm (bottom) 
5 mm 9 mm 
Fig. 7. Influence of concrete combination and adhesion, regarding selected angle of shear reinforcement on shear stress at joint failure, inclination of joint 
60° with bar diameter of 5 mm (top) and 9 mm (bottom) 
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5 mm 9 mm 
Fig. 8. Influence of concrete combination and angle of shear reinforcement on maximum shear stress after slip, inclination of joint 60°  
with bar diameter of 5 mm (top) and 9 mm (bottom) 
The highest shear stresses were generally obtained for the SCC-SCC combination. It can be seen that the repeated series 
VC-SCC R resulted in a clearly higher maximum shear stress, compared to the regular VC-SCC series. This behavior can be 
described by a stiffer mixture of the repeated tests, resulted from lower moisture of crushed gravel. 
10. Influence of concrete combination and angle of shear reinforcement on maximum shear stress after slip 
An overview of test results based on different concrete combinations, bar diameters of reinforcement as well as angles of 
shear reinforcement is illustrated in Fig. 8. Hereby only specimens with 60° joint inclination were considered. 
In general the best results were obtained for specimens with an angle of shear reinforcement of 45°. Regarding the results 
of the 5 mm bar diameter it can be seen that a uniform shear stress reduction was observed with increasing the angle of 
shear reinforcement. On the other hand for 9 mm bar diameter the shear stresses of 45° and 90° (angle of shear 
reinforcement) were almost the same. A significant decrease of shear stress was only achieved for an angle of shear 
reinforcement of 135° independent of the used concrete combinations (nearly the same level). In most cases higher 
maximum shear stresses after slip were observed using a bar diameter of 9 mm compared to 5 mm. 
The highest values of shear stress were detected for the combination SCC-SCC. The lowest ones were represented by 
SCC-VC. The bigger values for the repeated test can be explained by the rougher surface of the VC.  
 
5 mm 9 mm 
Fig. 9. Influence of concrete combination and angle of shear reinforcement on joint slip, inclination of joint 60°  
with bar diameter of 5 mm (top) and 9 mm (bottom) 
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11. Influence of concrete combination and angle of shear reinforcement on joint slip 
In Fig. 9 an overview of influence of concrete combination and angle of shear reinforcement on joint slip is given.  
In the most cases the slip after joint failure increases with the angle of shear reinforcement. It was obtained that the 
combination SCC-SCC predominately resulted in the highest slip values. The lowest slip after joint failure was generally 
observed for VC-SCC. 
12. Conclusion 
The major outcome of this study is that SCC has a higher adhesion resistance compared to vibrated concrete. This 
resulted in a better load bearing capacity. Shear-friction will be mainly influenced by the inclination of the shear 
reinforcement. This study confirm that the inclination of shear reinforcement in direction to the applied force improve the 
residual resistance after the slip. The height of slip increases with increasing shear stress at joint failure. 
• The load bearing capacity based on shear-friction mechanism cannot be activated using an angle of shear reinforcement 
bigger than 90° (only dowel action existing). 
• The maximum shear stress after slip will increase with rising diameter of the reinforcing bar. The angle of shear 
reinforcement of 45° shows the best results. In the most cases the 135° inclined bars represent the worst results. 
• Using the same bar diameters of reinforcement, the maximum shear stress after slip with the combination SCC-SCC is 
higher than VC-SCC and SCC-VC. 
• Within the same concrete combination, the maximum shear stress at joint failure of specimens with an inclination of 45° 
is bigger than the ones with an inclination of 60°. 
• The maximum shear stress after slip based on specimens with an angle of reinforcement of 135° resulted in the worst 
experimental data.  
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